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Conductive concrete mixtures are described that are config-
ured to provide EMP shielding and reflect and/or absorb, for 
instance, EM waves propagating through the conductive 
concrete mixture. The conductive concrete mixtures include 
cement, water, conductive carbon material, magnetic mate-
rial, and metallic conductive material. The conductive car-
bon material may include conductive carbon particles, con-
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ductive carbon powder, and/or coke breeze. The metallic 
conductive material may include steel fibers, and the mag-
netic material may include taconite. The conductive con-
crete mixture may also include supplementary cementitious 
materials (SCM). A method of making a concrete structure 
includes pouring a concrete mixture to fonn conductive 
concrete, and positioning a first conductive screen within the 
conductive concrete proximate to an exterior surface of the 
conductive concrete. The method also includes positioning a 
second conductive screen within the conductive concrete in 
electrical contact with the first conductive screen. 
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STRUCTURAL CONCRETE MIX FOR 
CONSTRUCTION FOR 
ELECTROMAGNETIC WAVEIPULSE 
SHIELDING 
FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 
2 
material may comprise from about five percent (5%) to ten 
percent (10%) of the conductive concrete mixture by weight. 
A method of making a concrete structure includes pouring a 
concrete mixture to form conductive concrete, and position-
ing a first conductive screen within the conductive concrete 
proximate to an exterior surface of the conductive concrete. 
The method also includes positioning a second conductive 
screen within the conductive concrete in electrical contact 
with the first conductive screen. In some embodiments, a This invention was made with govemment support under 
Grant No. HDTRAl-12-C-0047 awarded by the United 
States Department of Defense (DOD)/Defense Threat 
Reduction Agency (DTRA). The government has certain 
rights in the invention. 
10 third conductive screen may be placed within the conductive 
concrete in electrical contact with the first two conductive 
screens. One or more of the conductive screens may com-
prise welded wire fabric (WWF), welded wire rebar 
(WWR), a fine metal screen, and/or various combinations 
BACKGROUND 15 thereof. 
This Summary is provided to introduce a selection of 
concepts in a simplified form that are further described 
below in the Detailed Description. This Summary is not 
intended to identifY key features or essential features of the 
20 claimed subject matter, nor is it intended to be used as an aid 
in determining the scope of the claimed subject matter. 
An Electromagnetic Pulse (EMP) is an abrupt pulse or 
burst of electromagnetic (EM) radiation that typically results 
from a high energy explosion (e.g., a nuclear explosion) or 
from a suddenly fluctuating magnetic field, such as a mag-
netic field generated by a solar flare or coronal mass ejection 
(CME). An EMP creates rapidly changing electric fields and 
magnetic fields, which may couple with electrical and elec-
tronic systems, resulting in damaging current and voltage 
surges. For example, a High-altitude Electromagnetic Pulse 25 
(HEMP) is produced when a nuclear weapon is detonated 
high above the Earth's surface, generating gamma radiation 
that ionizes the atmosphere and creates an instantaneous and 
intense EM field. The effects of a HEMP vary depending on 
a number of factors, including detonation altitude, energy 30 
yield, gamma ray output, interactions with the Earth's 
magnetic field, shielding effectiveness of targets, and so 
forth. As the EM field of a HEMP radiates outward, it can 
overload electronic devices and equipment with effects 
similar to (but causing damage more quickly than) a light- 35 
ning strike. EMP weapons have also been developed that can 
DRAWINGS 
The Detailed Description is described with reference to 
the accompanying figures. The use of the same reference 
nnmbers in different instances in the description and the 
figures may indicate similar or identical items. 
FIG. lA is a partial cross-sectional isometric view illus-
trating a concrete structure formed using conductive con-
crete mixture and conductive screens in accordance with 
example embodiments of the present disclosure. 
FIG. IB is a partial end elevation view illustrating a 
concrete structure formed using conductive concrete mix-
ture and conductive screens in accordance with example 
embodiments of the present disclosure. 
be mounted on aircraft and carried by ground vehicles. 
SUMMARY 
FIG. 2 is a flow diagram illustrating a method for making 
a concrete structure using conductive concrete mixture and 
conductive screens in accordance with example embodi-
40 ments of the present disclosure. 
Conductive concrete mixtures are described that are con-
figured to provide EMP shielding and reflect and/or absorb, 
for instance, EM waves propagating through the conductive 
concrete mixture. The conductive concrete mixtures include 
FIG. 3 is a graph illustrating the dynamic range of 
biconilog antennas used to measure the shielding effective-
ness of a concrete shelter constructed in accordance with an 
example embodiment of the present disclosure. 
FIG. 4 is a graph illustrating the dynamic range of 
measurements taken for the concrete shelter measured using 
the biconilog antennas described with reference to FIG. 3. 
FIG. 5 is a graph illustrating the shielding effectiveness of 
a west wall of the concrete shelter measured using the 
50 biconilog antennas described with reference to FIG. 3. 
cement, water, conductive carbon material, magnetic mate- 45 
rial, and metallic conductive material. The conductive car-
bon material may include conductive carbon particles, con-
ductive carbon powder, and/or coke breeze. The metallic 
conductive material may include steel fibers, and the mag-
netic material may include taconite. The conductive con-
crete mixture may also include graphite powder, silica fnme, 
and/or other supplementary cementitious materials (SCM) 
such as fly ash, calcined clay, and ground granular blast 
furnace slag (GGBFS). The conductive carbon material may 
comprise from about zero (0) to forty percent (40%) of the 
conductive concrete mixture by weight, the magnetic mate-
rial may comprise from about zero (0) to seventy-five 
percent (75%) of the conductive concrete mixture by weight, 
and/or the metallic conductive material may comprise from 
about zero (0) to fifteen percent (15%) of the conductive 60 
concrete mixture by weight. 
FIG. 6 is a graph illustrating the shielding effectiveness of 
a north wall of the concrete shelter measured using the 
biconilog antennas described with reference to FIG. 3. 
FIG. 7 is a graph illustrating the shielding effectiveness of 
55 an east wall of the concrete shelter measured using the 
biconilog antennas described with reference to FIG. 3. 
In some embodiments, the conductive carbon material 
may comprise from about fifteen percent (15%) to twenty 
percent (20%) of the conductive concrete mixture by weight, 
the magnetic material may comprise from about twenty-five 65 
percent (25%) to fifty-five percent (55%) of the conductive 
concrete mixture by weight, and the metallic conductive 
FIG. 8 is a graph illustrating the shielding effectiveness of 
a south wall of the concrete shelter measured using the 
biconilog antennas described with reference to FIG. 3. 
FIG. 9 is a graph illustrating the shielding effectiveness of 
a rooftop of the concrete shelter measured using the bico-
nilog antennas described with reference to FIG. 3. 
DETAILED DESCRIPTION 
EMP protection is desirable for facilities and infrastruc-
ture employed for critical services, such as Command and 
US 9,681,592 B2 
3 
Control (C2), Connnand and Control Information Systems 
(C2IS), Connnand, Control, Communications, Computers, 
Intelligence, Surveillance, and Recounaissance (C4ISR), 
financial institutions, and so forth. For example, the military 
is concerned with ensuring that military connnanders have 
the ability to direct forces, while financial institutions are 
concerned with protecting computer networks and databases 
crucial to electronic business (e-business). Thus, critical 
facilities and infrastructure are typically protected from 
EMP's by shielding and grounding building structures using 10 
a shielded enclosure or Faraday cage around a facility. For 
example, a Faraday cage can be formed as an enclosure 
using metallic conducting material (e.g., solid steel panels) 
or a mesh of conducting material (e.g., copper wire screen) 
surrounding a facility. However, such shielding must be 15 
constructed in addition to the facility itself, adding to the 
cost and complexity of providing EMP protection. 
Accordingly, the present disclosure is directed to a con-
ductive concrete building material that can provide built-in 
shielding against EMP, as well as EM field innnunity and 20 
radiated emission security. For example, while concrete with 
embedded steel rebar can provide some magnetic shielding, 
4 
mixture may also include magnetite crystals produced by 
bacteria and/or magnetite collected from river or beach 
sands. Further, the conductive concrete mixture may include 
titanohematite and/or pyrrhotite (which may be ground into 
a powder). In still further instances, the conductive concrete 
mixture may include a paramagnetic mineral, such as ilme-
nite, titanomagnetite, and so forth. 
The conductive concrete mixture also includes one or 
more conductive materials configured to furnish electrical 
conductivity to the concrete. The conductive material serves 
to provide EMP shielding and reflect and absorb, for 
instance, EM waves propagating through the conductive 
concrete mixture. For example, the conductive concrete 
mixture may include at least substantially uniformly distrib-
uted conductive materials, which may include metallic and 
possibly non-metallic conductive materials, such as metal 
and/or carbon fibers. In implementations, the metallic con-
ductive material may serve to reflect EM waves, while the 
non-metallic conductive material may serve to absorb EM 
waves. For the purposes of the present disclosure, a con-
ductive concrete mixture may be defined as a cement-based 
admixture containing electrically conductive components 
that furnish a relatively high electrical conductivity to the 
concrete (e.g., with respect to the electrical conductivity of 
typical concrete). 
The conductive concrete mixture may include conductive 
carbon particles, such as carbon powder, and so forth, which 
may furnish electrically conductive paths between portions 
of the conductive material, achieving, for instance, an effec-
a conductive concrete enclosure configured in accordance 
with the present disclosure can provide effective global 
shielding at frequencies of interest. Further, conductive 25 
concrete walls can also provide grounding and lightning 
protection, and conduct the energy of EMP induced current, 
which would otherwise be conducted in wires and other 
conductors within a structure. Additionally, use of the con-
ductive concrete material may provide a more cost-effective 
building option (e.g., instead of constructing separate shield-
ing in the manner of a Faraday cage). The conductive 
concrete material and/or construction techniques described 
herein can be used to minimize (e.g., prevent) electronic 
signals from exiting a structure and/or entering a structure. 
30 tive reflective-wire-mesh structure in the concrete. In some 
embodiments, graphite and carbon granules are used with 
the conductive concrete mixture. These granules can have 
sizes such as minus three-eighths of an inch (-3fs in.) as 
measured by sieve analysis with ten millimeter (10 nnn) to 
35 two-tenths of a millimeter (0.2 nnn) mesh sizes, and so forth. 
In some embodiments, the conductive concrete material 
and/or construction techniques of the present disclosure can 
be used to construct a sensitive compartmented information 
facility (SCIF), where sensitive compartmented information 
(SCI) can be stored, electronically processed, and so forth. 40 
However, it should be noted that a sensitive compartmented 
information facility is provided by way of example only and 
is not meant to limit the present disclosure. In other embodi-
ments, the conductive concrete material and/or construction 
techniques of the present disclosure can be used to construct 45 
another shielded environment, including, but not necessarily 
limited to: a shielded room for a magnetic resonance imag-
ing (MRI) facility that provides magnetic field shielding, a 
radio frequency anechoic chamber that provides shielding 
against external EM fields and EM absorption of internal 50 
EM fields, and so forth. 
In implementations, the conductive concrete mixture may 
include one or more magnetic materials, such as ferromag-
netic material, paramagnetic material, and so forth, which 
serve to provide EMP shielding and absorb, for instance, EM 55 
waves propagating through the conductive concrete mixture. 
For example, in a specific instance, the conductive concrete 
mixture includes a taconite rock material that comprises 
magnetite, such as a taconite aggregate. However, taconite 
aggregate is provided by way of example only and is not 60 
meant to limit the present disclosure. Thus, in other imple-
mentations, the conductive concrete mixture may include 
other materials, such as, but not necessarily limited to: 
natural geological materials, mineral materials, and so forth. 
For example, the conductive concrete mixture may include 65 
meteoric iron (e.g., iron from nickel-iron meteorites) having 
kamacite and/or taenite minerals. The conductive concrete 
In some embodiments, a baked carbon additive is used with 
the conductive concrete mixture. In some embodiments, a 
graphite carbon additive is used with the conductive con-
crete mixture. 
In implementations, the conductive concrete mixture 
includes a metallic conductive material. For example, the 
metallic conductive material may be a steel material (e.g., 
bare steel, galvanized steel) or a combination of steel 
materials, such as one inch (1 in.) long steel fibers, one and 
one-half inch (1.5 in.) long steel fibers, fine steel fibers, steel 
wool fibers, steel powder, and so forth. In some embodi-
ments, low carbon steel fibers having aspect ratios from 
about eighteen (18) to fifty-three (53) can be used to form 
the conductive concrete mixture. These fibers may be rect-
angular in cross-section and may have a deformed and/or 
corrugated surface to aid in bonding with the concrete 
material. For example, low carbon, cold drawn steel wire 
fibers having variable equivalent diameters and a continu-
ously deformed shape can be used. The steel wire fibers can 
have various lengths (e.g., about thirty-eight millimeters (38 
nnn), about fifty millimeters (50 nnn), and so forth) and/or 
aspect ratios (e.g., about thirty-four (34), about forty-four 
(44), and so on). In some embodiments, steel fibers are used 
that have lengths from about thirteen millimeters (13 nnn) to 
fifty millimeters (50 nnn). 
It should be noted that the steel fibers can have various 
shapes, including, but not necessarily limited to: straight, 
wavy, end-deformed, and so forth. Further, steel fibers are 
provided by way of example only and are not meant to limit 
the present disclosure. Thus, other metallic conductive mate-
rials may also be utilized, including metal particles, such as 
steel shavings, which may have varying diameters. In some 
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embodiments, fine steel wool fibers and/or powder having a 
size of about six-tenths of a centimeter (0.6 cm) is used with 
the conductive concrete mixture. Further, metallic conduc-
tive strands and/or coils can be used. Additionally, the 
conductive concrete mixture may include conductive aggre-
gates, such as iron ore and/or slag. In some instances, 
copper-rich aggregates can be used. It should be noted that 
using conductive aggregates may reduce the amount of 
conductive fibers necessary to maintain stable electrical 
conductivity. Additionally, a chemical admixture may be 10 
added to the aggregate to enhance electrical conductivity 
and reduce the amount of conductive fibers. 
One-quarter inch (0.25 in.) thick test specimens made of 
cement, carbon powder, and very fine steel fibers were 
evaluated according to the ASTM-4935-99 Shielding Effec- 15 
tiveness (SE) test fixture. The measurements of the reference 
and load specimens were obtained using a radio frequency 
(RF) network analyzer. SE has been determined as the 
difference in decibels (dB) between the insertion loss mea-
surements of the reference and load specimens. The results 20 
showed an SE better than sixty decibels (60 dB) at three 
hundred kilohertz (300 kHz) that decreased at ten decibels 
(10 dB) per decade frequency to about thirty decibels (30 
dB) at three hundred megahertz (300 MHz), before improv-
ing at about ten decibels (10 dB) per decade above three 25 
hundred (300 MHz). This frequency response suggests that 
the SE is due to both reflection (e.g., at low frequency) and 
absorption (e.g., at high frequency). 
One-quarter inch (0.25 in.) thick test specimens made of 
typical cement were also evaluated according to the ASTM- 30 
4935-99 SE test fixture. Measurements with the RF network 
6 
same comparison demonstrates the enhanced effectiveness 
of taconites as microwave absorbing aggregates. These 
results also show that the taconite specimens can absorb 
some electromagnetic energy at lower frequency, indicating 
that the conductive concrete mixture can also provide low 
frequency magnetic shielding. 
One cubic yard of a conductive concrete mixture in 
accordance with the present disclosure may be formulated as 
follows: 
Material Pounds Percent 
Hydraulic cement 707 16.7% 
Silica fume 41 0.9% 
Taconite sand (2 mm max particle size) 1023 24.1% 
Taconite coarse aggregate (25 mm max particle size) 1125 26.5% 
Carbon powder (0.5 mm max particle size) 121 2.9% 
Carbon particles (10 mm max particle size) 509 12.0% 
Water 422 10.0% 
Steel fiber (1 in.) 122 2.9% 
Steel fiber (1.5 in.) 100 2.3% 
Steel fiber (fine)/steel shavings 75 1.8% 
A conductive concrete mixture fonnulated as described 
may have mechanical strength characteristics such as a 
twenty-eight (28) day compressive strength ranging from 
about four thousand five hundred pounds per square inch 
(4,500 psi) to seven thousand pounds per square inch (7,000 
psi), and a flexural strength ranging from about eight hun-
dred pounds per square inch (800 psi) to one thousand five 
hundred pounds per square inch (1,500 psi). In implemen-
tations, the purity of the conductive carbon particles and 
graphite particles is at least approximately ninety-six percent 
(96%). It should be noted that coke breeze (a product from 
analyzer showed an average SE of less than five decibels (5 
dB) over the frequency range from three-tenths megahertz 
(0.3 MHz) to three gigahertz (3 GHz). Thus, it may be seen 
that the cement-only specimens provide essentially no 
shielding between one megahertz (1 MHz) and one hundred 
megahertz (100 MHz). In comparison, specimens that are of 
the same thickness but contain fine steel fibers and carbon 
powder may yield SE better than thirty decibels (30 dB) over 
the same frequency range. The comparative results of these 
two sample mixtures indicate the application of conductive 
concrete for providing electromagnetic shielding of struc-
tures. Further, the measurements from cement-only speci-
mens can be used to provide baseline SE results for further 
comparison with other conductive mix designs at various 
thicknesses. 
35 coal mines with about eighty percent (80%) fixed carbon) 
may be used in place of and/or in addition to high purity 
carbon. For example, the conductive concrete mixture 
described with reference to the table above may be formu-
lated using about six hundred and thirty pounds (630 lbs.) of 
One-quarter inch (0.25 in.) thick specimens containing 
cement, taconite powder, and fine steel fibers were evaluated 
according to the ASTM-4935-99 SE test fixture. Measure-
ments with the RF network analyzer showed a low fre-
quency SE of nearly fifteen decibels (15 dB) from three-
tenths megahertz (0.3 MHz) to twenty megahertz (20 MHz) 
that increased to about twenty-five decibels (25 dB) between 
two hundred megahertz (200 MHz) and seven hundred 
megahertz (700 MHz). The SE improved at sixty decibels 
(60 dB) per decade in the microwave frequency range and 
reached greater than fifty decibels (50 dB) at two gigahertz 
(2 GHz). Thus, it may be seen that the taconite and steel fiber 
concrete mixture possesses superior SE characteristics com-
pared to the cement-only mixture as described above. It 
should be noted that the lesser SE of this mixture at low 
frequency as compared to the carbon powder and fine steel 
fiber specimens may be attributable to the role of carbon 
powder versus taconite in providing electrically conductive 
paths between random steel fibers to achieve a more effec-
tive, reflective wire mesh-like structure in the concrete. The 
SE improvement in the microwave frequency range in the 
40 coke breeze or about 14.9% of the conductive concrete 
mixture by weight. It should also be noted that the specific 
amounts described above are provided by way of example 
only and are not meant to limit the present disclosure. Thus, 
other amounts of material may be used for a specified SE in 
45 accordance with the present disclosure. 
In some embodiments, hydraulic cement may comprise 
from about fifteen percent (15%) to twenty-one percent 
(21 %) of the conductive concrete mixture by weight; silica 
fume may comprise from about nine-tenths percent (0.9%) 
50 to one and five-tenths percent (1.5%) of the conductive 
concrete mixture by weight; taconite sand may comprise 
from about eighteen percent (18%) to twenty-four and 
one-tenth percent (24.1 %) of the conductive concrete mix-
ture by weight; taconite coarse aggregate may comprise 
55 from about twenty percent (20%) to twenty-six and five-
tenths percent (26.5%) of the conductive concrete mixture 
by weight; conductive carbon particles may comprise from 
about ten percent (10%) to twelve percent (12%) of the 
conductive concrete mixture by weight; conductive carbon 
60 powder may comprise from about one percent (1 %) to two 
and nine-tenths percent (2.9%) of the conductive concrete 
mixture by weight; water may comprise from about nine and 
one-half percent (9.5%) to ten percent (10%) of the con-
ductive concrete mixture by weight; and steel fibers may 
65 comprise from about one and one-half percent (1.5%) to 
seven percent (7%) of the conductive concrete mixture by 
weight. 
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Further, the amounts of materials having different particle exterior surface 112 of at least approximately 0.0 cm, 0.2 
sizes may vary as well. For example, in implementations, cm, 0.4 cm, 0.6 cm, 0.8 cm, 1.0 cm, 1.2 cm, 1.4 cm, 1.6 cm, 
conductive carbon powder having a maximum particle size 1.8 cm, 2.0 cm, 2.2 cm, 2.4 cm, 2.6 cm, 2.8 cm, 3.0 cm, 3.2 
of five-tenths of a millimeter (0 5 mm) may comprise from cm, 3.4 cm, 3.6 cm, 3.8 cm, 4.0 cm, 4.2 cm, 4.4 cm, 4.6 cm, 
about one-half percent (0.5%) to two and nine-tenths percent 4.8 cm, 5.0 cm, 5.2 cm, 5.4 cm, 5.6 cm, 5.8 cm, 6.0 cm, 6.2 
(2.9%) of the conductive concrete mixture by weight; con- cm, 6.4 cm, 6.6 cm, 6.8 cm, 7.0 cm, 7.2 cm, 7.4 cm, 7.6 cm, 
ductive carbon particles having a maximum particle size of 7.8 cm, 8.0 cm, and so forth. 
ten millimeters (10 mm) may comprise from about seven In some embodiments, the concrete structure 100 can 
percent (7%) to twelve percent (12%) of the conductive include a third conductive screen 114 disposed within the 
concrete mixture by weight; one inch (1 in.) long steel fibers 10 conductive concrete 102 between the first conductive screen 
may comprise from about two percent (2%) to two and 104 and the second conductive screen 108, e.g., where the 
nine-tenths percent (2.9%) of the conductive concrete mix- third conductive screen 114 is in electrical contact with the 
ture by weight; one and one-half inch (1.5 in.) long steel first conductive screen 104 and the second conductive screen 
fibers may comprise from about two percent (2%) to two and 108. For example, the third conductive screen 114 can be 
three-tenths percent (2.3%) of the conductive concrete mix- 15 connected to the first conductive screen 104 and/or the 
ture by weight; and fine steel fiber may comprise from about second conductive screen 108 using a conductive tie 110 
zero (0) to two percent (2%) of the conductive concrete (e.g., a steel twister-tie). In other embodiments, the third 
mixture by weight. conductive screen 114 and the first conductive screen 104 
Referring now to FIGS. 1A and 1B, a concrete structure and/or the second conductive screen 108 can be welded 
100 is described in accordance with example embodiments 20 together. In an example embodiment where the conductive 
of the present disclosure. The concrete structure 100 concrete 102 forms a wall twelve inches (12 in.) thick, a first 
includes conductive concrete 102 formed from a concrete conductive screen 104 is positioned about two inches (2 in.) 
mixture as described herein. The concrete structure 100 also from an exterior surface 106 of the conductive concrete 102, 
includes a first conductive screen 104 disposed within the a second conductive screen 108 is positioned about two 
conductive concrete 102 and positioned close (e.g., proxi- 25 inches (2 in.) from an exterior surface 112 of the conductive 
mate) to an exterior surface 106 of the conductive concrete concrete 102, and a third conductive screen 114 is positioned 
102. In embodiments of the disclosure, the first conductive in the middle of the wall, about four inches (4 in.) from each 
screen 104 is positioned at a distance of less than at least of the first conductive screen 104 and the second conductive 
approximately three inches (3 in.) or eight centimeters (8 screen 108. It should be noted that more than three conduc-
cm) from the exterior surface 106 of the conductive concrete 30 tive screens can be disposed within the conductive concrete 
102. For example, the first conductive screen 104 can be 102 (e.g., four (4) conductive screens, five (5) conductive 
positioned at a distance from the exterior surface 106 of at screens, six (6) conductive screens, and so forth). All of 
least approximately 0.0 cm, 0.2 cm, 0.4 cm, 0.6 cm, 0.8 cm, these conductive screens can be in electrical contact with 
1.0 cm, 1.2 cm, 1.4 cm, 1.6 cm, 1.8 cm, 2.0 cm, 2.2 cm, 2.4 one another. 
cm, 2.6 cm, 2.8 cm, 3.0 cm, 3.2 cm, 3.4 cm, 3.6 cm, 3.8 cm, 35 With reference to FIG. 1B, the first conductive screen 104 
4.0 cm, 4.2 cm, 4.4 cm, 4.6 cm, 4.8 cm, 5.0 cm, 5.2 cm, 5.4 and/or the second conductive screen 108 (and possibly the 
cm, 5.6 cm, 5.8 cm, 6.0 cm, 6.2 cm, 6.4 cm, 6.6 cm, 6.8 cm, third conductive screen 114 and/or other conductive screens) 
7.0 cm, 7.2 cm, 7.4 cm, 7.6 cm, 7.8 cm, 8.0 cm, and so forth. can also be in electrical contact with one or more additional 
The concrete structure 100 also includes a second con- conductive screens, which can be disposed in the conductive 
ductive screen 108 disposed within the conductive concrete 40 concrete 102 or another concrete material. In embodiments 
102 and in electrical contact with the first conductive screen of the disclosure, these various conductive screens can be 
104. For example, the first conductive screen 104 and the disposed in concrete features that extend along different 
second conductive screen 108 are connected together using planes and/or in different directions (e.g., horizontally and 
a conductive tie 110 (e.g., a steel twister-tie). However, the vertically). For example, the first conductive screen 104 can 
conductive tie 110 is provided by way of example only and 45 be a vertically-extending screen connected (e.g., twister-
is not meant to limit the present disclosure. For example, in tied, welded) to a horizontally-extending conductive screen 
other embodiments, the first conductive screen 104 and the 116 disposed in a concrete feature 118. In some embodi-
second conductive screen 108 can be welded together. In ments, the concrete feature 118 is also formed from a 
embodiments of the disclosure, the volume of one inch (1 conductive concrete mixture as described herein. For 
in.) and one and a half inch (1.5 in.) steel fibers randomly 50 example, the concrete feature 118 can be formed of the 
oriented in the conductive concrete 102 make contact with conductive concrete 102. Further, the second conductive 
the conductive screens to form a "loosely connected" metal screen 108 can be a vertically-extending screen connected 
shield embedded in the conductive concrete, which provides (e.g., twister-tied, welded) to a horizontally-extending con-
shielding against low-frequency (e.g., one hundred mega- ductive screen 120 disposed in the concrete feature 118. The 
hertz (100 MHz) or less) EMP. It should also be noted that 55 third conductive screen 114 can also be connected to a 
multiple layers of conductive screens can also enhance high conductive screen disposed in the concrete feature 118 (e.g., 
frequency (e.g., one hundred megahertz (100 MHz) or connected to a horizontally-extending conductive screen 
greater) SE. between the conductive screen 116 and the conductive 
The second conductive screen 108 can be positioned close screen 120). In this manner, various conductive screens 
(e.g., proximate) to an exterior surface 112 of the conductive 60 (e.g., 104, 108, 114, 116, 120, and so forth) can be in 
concrete 102 (e.g., another exterior surface generally oppo- electrical contact with one another. 
site the exterior surface 106). In some embodiments, the The conductive screen 116 and/or the conductive screen 
second conductive screen 108 is positioned at a distance of 120 disposed within the concrete feature 118 can also be 
less than at least approximately three inches (3 in.) or eight positioned close (e.g., proximate) to an exterior surface of 
centimeters (8 cm) from the exterior surface 112 of the 65 the concrete feature 118. In embodiments of the disclosure, 
conductive concrete 102. For example, the second conduc- the conductive screen 116 and/or the conductive screen 120 
tive screen 108 can be positioned at a distance from the can be positioned at a distance ofless than at least approxi-
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mately three inches (3 in.) or eight centimeters (8 cm) from 
one or more exterior surfaces of the concrete feature 118. 
For example, the conductive screen 116 and/or the conduc-
tive screen 120 can be positioned at a distance from an 
exterior surface of at least approximately 0.0 cm, 0.2 cm, 0.4 
cm, 0.6 cm, 0.8 cm, 1.0 cm, 1.2 cm, 1.4 cm, 1.6 cm, 1.8 cm, 
2.0 cm, 2.2 cm, 2.4 cm, 2.6 cm, 2.8 cm, 3.0 cm, 3.2 cm, 3.4 
cm, 3.6 cm, 3.8 cm, 4.0 cm, 4.2 cm, 4.4 cm, 4.6 cm, 4.8 cm, 
5.0 cm, 5.2 cm, 5.4 cm, 5.6 cm, 5.8 cm, 6.0 cm, 6.2 cm, 6.4 
cm, 6.6 cm, 6.8 cm, 7.0 cm, 7.2 cm, 7.4 cm, 7.6 cm, 7.8 cm, 10 
8.0 cm, and so forth. 
One or more of the conductive screens may comprise a 
network, lattice, framework, and so forth of conductive 
material that defines multiple apertures (e.g., circular open-
ings, elliptical openings, square openings, rectangular open- 15 
ings, hexagonal openings, octagonal openings, and so on). 
For instance, one or more of the conductive screens can be 
welded wire fabric (WWF), welded wire rebar (WWR), a 
fine metal screen, thin wire with a coarse screen, and/or 
various combinations thereof. For example, a conductive 20 
screen can comprise a woven wire mesh defining apertures 
each having a characteristic opening size of less than at least 
approximately two-tenths of an inch (0.2 in.). However, this 
mesh is provided by way of example only and is not meant 
to limit the present disclosure. In other embodiments, a 25 
conductive screen can comprise a mesh having a first group 
of elongated wires arranged proximate to one another across 
a second group of elongated wires, where the first elongated 
wires and the second elongated wires are directly fastened 
together (e.g., tied, welded) to define apertures each having 30 
a characteristic opening size of less than at least approxi-
mately three inches (3 in.). For example, light gauge wires, 
medium gauge wires, heavy gauge wires, rebar, and so forth 
can be welded together to form a mesh, where the openings 
between adjacent wires are at least approximately one inch 35 
(1 in.) by one inch (1 in.), two inches (2 in.) by two inches 
(2 in.), three inches (3 in.) by three inches (3 in.), and so 
forth. Wires can include, but are not necessarily limited to: 
light gauge wires, medium gauge wires, heavy gauge wires, 
rebar, and so forth. For example, the conductive screen can 40 
be formed using one hundred and ninety-two one-thou-
sandths of an inch (0.192 in.) diameter wire, one-eighth of 
10 
200, in an example implementation, for making a concrete 
structure using, for instance, a concrete mixture comprising 
metallic conductive material, conductive carbon particles, 
and magnetic material, such as taconite aggregate, as 
described above, where conductive screens are embedded in 
the concrete structure. 
In the process 200 illustrated, one or more conductive 
carbon materials (e.g., conductive carbon particles, conduc-
tive carbon powder, coke breeze, and so forth); one or more 
magnetic materials (e.g., crushed taconite aggregate, such as 
sand and/or gravel); and fine steel fibers/shavings/powder, 
silica fume, and/or other SCM, are blended to form a dry 
mix (Block 210). In some embodiments, the materials can be 
blended in a container such as the drum of a concrete truck 
mixer, and so forth. However, a concrete truck drum mixer 
is provided by way of example only, and other containers for 
mixing concrete may also be used. In some embodiments, 
the materials of the dry mix are mixed for at least approxi-
mately ten (10) minutes. However, this mixing time is 
provided by way of example and is not meant to limit the 
present disclosure. In other embodiments, the dry materials 
are mixed for more than ten (10) minutes or less than ten 
(10) minutes. For example, the materials of the dray mix can 
be mixed for at least approximately five (5) minutes. Next, 
cement (e.g., Type I Portland hydraulic cement) and water 
are added to the dry mix to form a wet mix (Block 220). 
Admixtures, such as superplasticizer (e.g., water reducer! 
High Range Water Reducer (HRWR)) can also be added to 
the wet mix and/or at the job site. In some embodiments, the 
wet mix is formed in the concrete truck drum mixer. For 
example, cement and water are added to the dry ingredients 
in the drum of the concrete truck mixer from a storage tower 
at a concrete plant. 
Then, metallic conductive material, such as steel fibers, is 
added to the wet mix (Block 230). For example, steel fibers 
can be added in the concrete truck mixer using, for instance, 
a conveyor (e.g., conveyor belt and/or a chute) extending 
into the concrete truck drum mixer. In embodiments of the 
disclosure, the steel fibers are spread out to at least substan-
tially uniformly distribute the steel fibers on the conveyor 
(e.g., to avoid flocculation or balling of the steel fibers and 
jamming at the chute). For example, the steel fibers can be 
dumped onto a conveyor belt and/or placed onto the con-
veyor belt by hand. In some embodiments, alternating 
an inch (1fs in.) diameter wire, one-quarter inch (114 in.) 
diameter rebar (e.g., #2 steel rebar), three-quarters of an inch 
(% in.) diameter rebar (e.g., #6 steel rebar), and so forth. 
Each conductive screen can comprise one or more layers 
of various materials. For example, the first conductive 
screen 104 and/or the second conductive screen 108 can 
each comprise two or more layers of woven wire mesh 
defining apertures each having a characteristic opening size 
of less than at least approximately one quarter of an inch 
(0.25 in.). Further, different materials can be used for 
conductive screens proximate to exterior surfaces of the 
conductive concrete 102, conductive screens disposed 
between them, and so on. For example, a first conductive 
screen 104 positioned two inches (2 in.) from an exterior 
surface 106 of the conductive concrete 102 comprises WWF, 
45 batches of differently sized fibers are dumped onto the 
conveyor belt (e.g., where each batch of one inch (1 in.) long 
steel fibers alternates with a batch of one and one-half inch 
(1.5 in.) long steel fibers). Next, the metallic conductive 
material is mixed with the wet mix to form a conductive 
a second conductive screen 108 positioned two inches (2 in.) 
from an exterior surface 112 of the conductive concrete 102 
comprises WWF, and a third conductive screen 114 posi-
tioned between them comprises WWR. In these embodi-
ments, the WWFs, the WWR, fibers in the conductive 
concrete 102, and so forth, can all be electrically intercon-
nected. 
Example Process 
Referring now to FIG. 2, example techniques for making 
a concrete structure are described. FIG. 2 depicts a process 
50 concrete mixture (Block 240). In some embodiments, a 
"fast" mixing speed setting is used for the concrete truck 
drum mixer, while a "slow" speed setting is used for the 
conveyor belt. Further, in some embodiments, the concrete 
truck mixer is directed from the concrete plant to the job site 
55 immediately after the metallic conductive material has been 
loaded into the concrete truck drum mixer. 
It should be noted that while process 200 describes adding 
the metallic conductive material to the wet concrete mixture, 
the metallic conductive material may be added during the 
60 mixing of cement and/or aggregate in either wet or dry 
conditions. Further, it is desirable to maintain at least 
substantially uniform disbursement of the metallic conduc-
tive material during mixing. Thus, mixing may be performed 
according to guidelines specified by, for example, American 
65 Concrete Institute (ACI) Committee 544 for mixing steel 
fibers. U.S. Pat. No. 6,825,444, issued Nov. 30, 2004, 
entitled "Heated Bridge Deck System and Materials and 
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Method for Constructing the Same" includes example mix-
ing procedures that can be used with the conductive concrete 
mixture of the present disclosure and is incorporated herein 
by reference in its entirety. In some embodiments, super-
plasticizer can be added at the job site (e.g., to improve 
workability) after checking the slump of the concrete. In 
some embodiments, the slump is maintained at about six 
inches (6 in.) to seven inches (7 in.) (e.g., to prevent or 
minimize steel fibers settling to the bottom of the concrete). 
Further, in some embodiments, vibrators can be used to 
consolidate the conductive concrete mixture (e.g., in hard to 
reach spaces and/or between reinforcing bars). 
Then, a first conductive screen is positioned within the 
conductive concrete material proximate to an exterior sur-
face (Block 250). Next, a second conductive screen is 
positioned within the conductive concrete material in elec-
trical contact with the first conductive screen (Block 260). 
The second conductive screen can be positioned proximate 
to another exterior surface. In some embodiments, a third 
conductive screen is positioned within the conductive con-
crete material between the first conductive screen and the 
second conductive screen (Block 270). The third conductive 
screen can be in electrical contact with the first conductive 
screen and the second conductive screen. In some embodi-
ments, the conductive screens are stapled and/or tied to 
metal and/or wood forms to hold them in place while 
conductive concrete mixture is poured and/or sprayed to 
form a concrete structure, such as a shelter. For example, the 
conductive concrete mixture can be conveyed through a 
hose and pneumatically projected at a high velocity onto a 
surface (e.g., in the manner of "shotcrete"). 
An eleven foot (11 ft.) high, eleven foot (11 ft.) wide, and 
eleven and one-half foot (11.5 ft.) long EMP shelter with 
nine foot (9 ft.) by nine foot (9 ft.) by nine foot (9 ft.) interior 
space was constructed using three (3) separate pours of 
conductive concrete mixture as described herein. The order 
of construction was a one foot (1 ft.) thick concrete foun-
dation, four (4) nine foot (9 ft.) long concrete walls, and a 
corrugated roof with a nine inch (9 in.) thick concrete 
topping. All concrete slabs were twelve inches (12 in.) thick, 
except the south wall, which was eighteen inches (18 in.) 
thick. There were two horizontal cold joints in the construc-
tion. The shelter included three (3) layers of welded wire 
fabric (WWF) in the foundation and each of the walls, and 
two (2) layers ofWWF in the nine inch (9 in.) thick topping 
on the corrugated roof decking. The WWFs were fabricated 
using wire mesh fencing, with two inch (2 in.) by four inch 
(4 in.) openings and twelve and one-half (12.5) gauge bare 
steel wires. An RF shielded door was included in the shelter. 
The RF door had a three foot (3 ft.) by seven foot (7 ft.) 
opening. The door was cast in the south wall of the shelter 
by welding a twelve inch (12 in.) wide, one-quarter inch (114 
in.) thick steel flange all around the door frame. The welds 
were continuous at the overlapping seams to furnish RF 
sealing. A steel T-section was welded to the bottom of the RF 
door frame to support the door assembly. 
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and smooth base. The first layer of WWF was placed at the 
bottom of the foundation. Conductive concrete mixture was 
poured six inches (6 in.) deep, and a second layer ofWWF 
was lowered into the position by an overhead crane. The 
second and third layers of WWFs had perpendicular exten-
sions welded to the door flange for electrical continuity. The 
third layer of WWF was lowered into place when the depth 
of the conductive concrete mixture reached twelve inches 
(12 in.). The third layer of WWF was tapped into the 
10 concrete top surface by the weights of the workers. The floor 
surface was then finished with a bull float. In this example, 
three layers of WWFs were welded to the door flange to 
maintain shielding around the door frame. 
The form work for casting the four walls of the shelter 
15 comprised inner forms, three layers of WWFs, and outer 
forms. Since the foundation was extended six inches (6 in.) 
beyond the RF door to support the base of the door, the 
thickness of the south wall was eighteen inches (18 in.) to 
simplifY the form work. The three layers of WWFs were 
20 welded to the door flange and spliced to the WWFs extend-
ing from the foundation. The WWFs were welded before-
hand to the door flange around the opening in the same 
manner as the construction for the foundation described 
previously. Steel snap-ties were extended through the WWF 
25 openings at one foot (1 ft.) spacing to tie the inner and outer 
forms together. This configuration was used to account for 
concrete pressure exerted on the forms. Shear studs were 
welded to the door flange to anchor the door in the concrete 
wall. The walls were poured to a nine foot (9 ft.) height, with 
30 the three layers of WWFs extending from the walls for 
integration with the corrugated roof deck system. 
The forms were braced with two inch (2 in.) by four inch 
(4 in.) lumber, and a catwalk was used for casting the 
concrete. The overhead crane was used to hoist a one yard 
35 (1 yd.) concrete bucket for casting the walls. The bucket 
provided control over placement of the concrete into the 
twelve inch (12 in.) wide and nine foot (9 ft.) deep wall 
cavity between the forms. In this example, four inch (4 in.) 
by four inch (4 in.) lumber was inserted between adjacent 
40 WWF layers to maintain a six inch (6 in.) separation 
between adjacent layers and account for the momentum of 
the concrete mixture during the pour. An eight foot (8 ft.) 
long vibrator was used to facilitate concrete flow through the 
WWF openings and consolidate the conductive concrete 
45 mixture in the forms and between WWF layers (e.g., to 
prevent or minimize the formation of voids in the walls). 
In this example, the momentum of large amounts of 
conductive concrete mixture dumped from the bucket 
moved the free-standing WWFs around inside the forms. 
50 The four inch (4 in.) by four inch (4 in.) lumber spacers 
initially kept the WWFs apart, but were removed during the 
pour due to interference with the concrete placement. The 
momentum of the concrete pushed the inner (middle) WWF 
layer toward either the inside WWF layer or the outside 
55 WWF layer. When two WWFs came in contact, there was 
limited space for concrete to flow through, and it became 
difficult to separate the WWF layers. It should be noted that 
welded wire reinforcement (e.g., rebar mesh having open-
ings larger than two inches (2 in.) by two inches (2 in.), for 
A first layer of WWF was placed in the form for casting 
the foundation and welded to the steel door flange. There 
was a six inch (6 in.) space in front of the door due to the 
twelve inch (12 in.) wide steel T-section at the bottom, and 
the south wall thickness was eighteen inches (18 in.) around 
the door. Two other layers ofWWFs were fabricated before-
hand and placed into the form at different stages during the 
foundation pour. The edges of the WWFs were extended 
upward two feet (2 ft.) along the shelter perimeter to be 65 
spliced later with the WWFs in the walls. The form for the 
foundation pour was set up on a steel deck to provide a level 
60 example) can be used for the middle layer to account for the 
momentum of the poured concrete mixture. Further, smaller 
amounts of concrete (e.g., from a concrete bucket) can be 
poured at a time to more precisely control the pouring of the 
concrete into the forms. 
Corrugated roof deck panels were used for the roof 
construction. These panels were made of sixteen (16) gauge 
(e.g., six one-hundredths of an inch (0.06 in.) thick) galva-
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nized steel, with a three foot (3 ft.) standard width. The 
panels were interlocked along their edges to fonn a con-
tinuous surface area. The panels were precut to eleven foot 
(11 ft.) lengths. In this example, four interlocking deck 
panels covered a twelve foot (12 ft.) by eleven foot (11 ft.) 
roof area. The bottom of the deck panels was set at the same 
elevation as the top of the nine foot (9 ft.) walls. The deck 
panels had a nine inch (9 in.) conductive concrete topping, 
with two layers of WWFs in the topping. The deck panels 
were placed on two inch (2 in.) by six inch (6 in.) lumber, 10 
which was supported by a steel frame system. A notch at a 
corrugated end of a deck panel was cut and folded to fonn 
an end cap that prevented the conductive concrete mixture 
from flowing into the shelter. The deck panels were inter-
locked, cut with a torch to fit in the space between the walls, 15 
and welded to the inner WWF layer from the walls. In this 
manner, the roof deck panels became part of the WWF layer 
for shielding. Shear studs were spot welded on the deck 
panel to induce composite action of the deck panel with the 
conductive concrete mixture (e.g., for structural strength). 20 
When casting the roof, conductive concrete mixture was 
poured to fill in three inch (3 in.) troughs of the corrugated 
panels and up to the level of the middle WWF protruding 
from the walls. A first horizontal WWF layer was then laid 
on the fresh concrete surface and twister-tied to the middle 25 
WWF from the walls. The pour then resumed until the 
concrete reached the level of the outer WWF from the walls. 
A second WWF layer was then laid on the fresh concrete and 
twister-tied to the outer WWF from the walls. The second 
WWF layer was at about one inch (1 in.) from the rooftop. 30 
The pour resumed again to fill concrete to the top of the 
form. A vibrator was used to facilitate concrete flow through 
the WWFs. The roof surface was finished with a bull float. 
During casting, a portable attenuation measurement system 
(PAMS) showed that the SE crossed eighty decibels (80 dB) 35 
during the initial pour over the first WWF layer and reached 
the one hundred and twenty decibel (120 dB) dynamic range 
14 
FIGS. 5 through 8 show that the conductive concrete shelter 
has similar SE characteristics for all four walls. FIG. 9 
shows the SE measurement results obtained through the 
rooftop of the conductive concrete shelter. The SE is similar 
for the rooftop antennas in the east-west and north-south 
orientation. 
Although the subject matter has been described in lan-
guage specific to structural features and/or process opera-
tions, it is to be understood that the subject matter defined in 
the appended claims is not necessarily limited to the specific 
features or acts described above. Rather, the specific features 
and acts described above are disclosed as example fonns of 
implementing the claims. 
What is claimed is: 
1. A concrete structure, comprising: 
conductive concrete fonned from a concrete mixture 
comprising 
cement, 
water, 
conductive carbon material comprising from at least 
approximately one percent (1 %) to at least approxi-
mately twenty percent (20%) of the concrete mixture 
by weight, 
magnetic material comprising from at least approxi-
mately twenty percent (20%) to at least approxi-
mately fifty percent (50%) of the concrete mixture by 
weight, and 
metallic conductive material; 
a first conductive screen disposed within the conductive 
concrete and positioned proximate to an exterior sur-
face of the conductive concrete; and 
a second conductive screen disposed within the conduc-
tive concrete and in electrical contact with the first 
conductive screen. 
2. The concrete structure as recited in claim 1, wherein the 
first conductive screen is positioned less than at least 
approximately three inches (3 in.) from the exterior surface 
of the conductive concrete. 
3. The concrete structure as recited in claim 1, wherein the 
of the PAMS soon after the pour resumed over the second 
WWF layer. The shoring, outer forms, and catwalk were 
removed after three days of curing. 40 second conductive screen is positioned proximate to a 
second exterior surface of the conductive concrete, the 
second exterior surface of the conductive concrete generally 
opposite the exterior surface of the conductive concrete. 
Biconilog antennas with appendages were calibrated in 
the vicinity of the conductive concrete shelter. FIG. 3 plots 
the dynamic range (DR) of the antennas, using shielded 
loops for frequencies below twenty-five megahertz (25 
MHz). The plots show that the full size (with appendages) 45 
biconilog improves the DR over the basic (without append-
ages) biconilog by at least twenty decibels (20 dB) from 
twenty-five megahertz (25 MHz) to fifty megahertz (50 
MHz). The DR of the loop deteriorates above ten megahertz 
(10 MHz). FIG. 4 plots the dynamic range (DR) of mea- 50 
surement configurations per MIL-STD 188-125 in horizon-
tal (HH) and vertical (VV) polarizations. The minimum and 
maximum DRs correspond to the ambient noise levels inside 
and outside the conductive concrete shelter, respectively. 
The plots show that the shelter is very quiet; the noise level 55 
is about twenty decibels (20 dB) to thirty decibels (30 dB) 
lower on the inside. These measurements were obtained with 
the full size biconilog antennas. The appendages to the 
biconilog antennas were removed in the vertical polariza-
tion. Without the appendages, the vertical DR is about thirty 60 
decibels (30 dB) lower around thirty megahertz (30 MHz). 
FIGS. 5 and 6 show the SE measurement results of the 
shelter through the west and north walls, respectively. The 
SE plots of the two walls are quite similar overall. FIGS. 7 
and 8 show the SE measurement results of the east and south 65 
walls, respectively. These measurements were obtained with 
the base biconilog without the appendages. The plots in 
4. The concrete structure as recited in claim 1, wherein at 
least one of the first conductive screen or the second 
conductive screen comprises a woven wire mesh defining a 
plurality of apertures each having a characteristic opening 
size ofless than at least approximately two-tenths of an inch 
(0.2 in.). 
5. The concrete structure as recited in claim 1, wherein at 
least one of the first conductive screen or the second 
conductive screen comprises a mesh having a first plurality 
of elongated wires arranged proximate to one another across 
a second plurality of elongated wires, the first plurality of 
elongated wires and the second plurality of elongated wires 
directly fastened together to define a plurality of apertures 
each having a characteristic opening size of less than at least 
approximately three inches (3 in.). 
6. The concrete structure as recited in claim 1, further 
comprising a third conductive screen disposed within the 
conductive concrete between the first conductive screen and 
the second conductive screen, the third conductive screen in 
electrical contact with the first conductive screen and the 
second conductive screen. 
7. The concrete structure as recited in claim 1, wherein the 
metallic conductive material comprises at least one of steel 
fibers, steel wool, or steel powder. 
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8. The concrete structure as recited in claim 1, wherein the 
magnetic material comprises at least one of taconite, mag-
netite, kamacite, taenite, titanohematite, pyrrhotite, ilmenite, 
or titanomagnetite. 
9. The concrete structure as recited in claim 1, wherein the 
conductive carbon material comprises at least one of carbon 
particles, conductive carbon powder, or coke breeze. 
10. The concrete structure as recited in claim 1 wherein 
the metallic conductive material comprises fro~ at least 
approximately one percent (1 %) to at least approximately 10 
fifteen percent (15%) of the concrete mixture by weight. 
11. A method of making a concrete structure, comprising: 
blending conductive carbon material and magnetic mate-
rial to a form a dry mix; 
adding cement and water to the dry mix to form a wet mix; 
adding metallic conductive material to the wet mix' 
mixing the metallic conductive material and the we; mix 
to form a concrete mixture; 
15 
pouring the concrete mixture to form conductive concrete' 20 
positioning a first conductive screen within the conductiv~ 
concrete proximate to an exterior surface of the con-
ductive concrete; and 
positioning a second conductive screen within the con-
ductive concrete in electrical contact with the first 25 
conductive screen, 
wherein the conductive carbon material comprises from at 
least approximately one percent (1 % ) to at least 
approximately twenty percent (20%) of the concrete 
mixture by weight, and the magnetic material com- 30 
prises from at least approximately twenty percent 
(20%) to at least approximately fifty percent (50%) of 
the concrete mixture by weight. 
12. The method as recited in claim 11, wherein the first 
conductive screen is positioned less than at least approxi- 35 
mately three inches (3 in.) from the exterior surface of the 
conductive concrete. 
13. The method as recited in claim 11, wherein the second 
conductive screen is positioned proximate to a second 
exterior surface of the conductive concrete, the second 40 
exterior surface of the conductive concrete generally oppo-
site the exterior surface of the conductive concrete. 
14. The method as recited in claim 11, wherein at least one 
of the first conductive screen or the second conductive 
screen comprises a woven wire mesh defining a plurality of 45 
apertures each having a characteristic opening size of less 
than at least approximately two-tenths of an inch (0.2 in.). 
15. The method as recited in claim 11, wherein at least one 
of the first conductive screen or the second conductive 
screen comprises a mesh having a first plurality of elongated 50 
wires arranged proximate to one another across a second 
plurality of elongated wires, the first plurality of elongated 
wires and the second plurality of elongated wires directly 
fastened together to define a plurality of apertures each 
having a characteristic opening size of less than at least 55 
approximately three inches (3 in.). 
16. The method as recited in claim 11, further comprising 
positioning a third conductive screen within the conductive 
concrete between the first conductive screen and the second 
conductive screen, the third conductive screen in electrical 60 
contact with the first conductive screen and the second 
conductive screen. 
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17 .. The method as recited in claim 11, wherein the 
metalhc conductive material comprises at least one of steel 
fibers, steel wool, or steel powder. 
18. The method as recited in claim 11, wherein the 
magnetic material comprises at least one of taconite, mag-
netite, kamacite, taenite, titanohematite pyrrhotite ilmenite 
or titanomagnetite. '" 
19. The method as recited in claim 11, wherein blending 
conductive carbon material and magnetic material to form a 
~ry mix furthe~ comprises blending conductive carbon par-
tIcles, conductive carbon powder, crushed taconite aggre-
gate, and supplementary cementitious material (SCM) to 
form a dry mix. 
20. A method of making a concrete structure, comprising: 
pouring a concrete mixture to form conductive concrete 
the conductive concrete comprising: ' 
cement, 
water, 
conductive carbon material comprising from at least 
approximately one percent (1 %) to at least approxi-
mately twenty percent (20%) of the concrete mixture 
by weight, 
magnetic material comprising from at least approxi-
mately twenty percent (20%) to at least approxi-
mately fifty percent (50%) of the concrete mixture by 
weight, and 
metallic conductive material; 
positioning a first conductive screen within the conductive 
concrete proximate to an exterior surface of the con-
ductive concrete; and 
positioning a second conductive screen within the con-
ductive concrete in electrical contact with the first 
conductive screen. 
21. The method as recited in claim 20, wherein the first 
conductive screen is positioned less than at least approxi-
mately three inches (3 in.) from the exterior surface of the 
conductive concrete. 
22. The method as recited in claim 20, wherein the second 
conductive screen is positioned proximate to a second 
exterior surface of the conductive concrete, the second 
exterior surface of the conductive concrete generally oppo-
site the exterior surface of the conductive concrete. 
23. The method as recited in claim 20, wherein at least one 
of the first conductive screen or the second conductive 
screen comprises a woven wire mesh defining a plurality of 
apertures each having a characteristic opening size of less 
than at least approximately two-tenths of an inch (0.2 in.). 
24. The method as recited in claim 20, wherein at least one 
of the first conductive screen or the second conductive 
screen comprises a mesh having a first plurality of elongated 
wires arranged proximate to one another across a second 
plurality of elongated wires, the first plurality of elongated 
wires and the second plurality of elongated wires directly 
fastened together to define a plurality of apertures each 
having a characteristic opening size of less than at least 
approximately three inches (3 in.). 
25. The method as recited in claim 20, further comprising 
positioning a third conductive screen within the conductive 
concrete between the first conductive screen and the second 
conductive screen, the third conductive screen in electrical 
contact with the first conductive screen and the second 
conductive screen. 
* * * * * 
